polyacrylamide gel disc electrophoresis. The isoelectric point of phenoloxidase was 4.7 by ampholine electrophoresis.
The maximum and minimum absorptions were found at 280 nm and 251 nm, respectively, with purified phenoloxidase.
The fluctuation of phenoloxidase activity in the process of metamorphosis from the larvae to pupae of housefly, Musca domestica vicina Maquart, was studied by Funatsu and Inaba et al. [1] [2] [3] [4] It was found that phenoloxi dase showed a high activity in the final instar larvae but the activity completely disappeared in the prepupae.
However, a homogenate of the prepupae exhibited phenoloxidase ac tivity by the addition of anionic detergent or an extract from aged pupae.
From these data it was inferred that phenoloxidase existed in an inactive form, prophenoloxidase, in the prepupae and the aged pupae had an activator of the prophenoloxidase. To clarify the mo lecular mechanism of the fluctuation of phe noloxidase activity, it is necessary to purify protein components which are involved in the fluctuation of the activity, first phenoloxid ase itself.
Insect phenoloxidases were purified in an inactive form, prephenoloxidase, by many investigators. [5] [6] [7] [8] The purification of phenol Determination of molecular weight.
Determination of the molecular weight of phenoloxidase was carried out by Archibald's method") and polyacrylamide gel disc electrophoresis.
In Archibald's method, the val ues of concentration gradients at the meniscus and bottom of the cell were calculated from the equilibrium patterns at 8,225 rpm. Initial concentration was ob tained from the patterns at 12,590 rpm. Polyacryl amide gel disc electrophoresis for the molecular weight determination was carried out basically in accordance with the method of Hedric and Smith.") Electro phoresis was performed with 3.75, 4.69, 5.63, 6.56 and 7.50% acrylamide gel using Tris-glycine buffer. After electrophoresis, relative mobility, Rm, of phenoloxidase to marker dye, bromophenol blue, was calculated. The values of 100-log 100 • Rm were plotted against gel concentration, and a negative slope was obtained. Molecular weight was estimated from the negative slope of marker proteins reported by Hedric and Smith 14).
electrophoresis.11) Isoelectric point was determined by ampholine electrophoresis. Carrier ampholytes (pH 3-10) from LKB-Producter AB were used. Before electrophoresis, the sample was dialyzed against 0.05m phosphate buffer, pH 7.4. Electrophoresis was carried out at 1 watt for 72 hr at 4°C.
Ultraviolet absorption spectrum.
Ultraviolet ab sorption spectrum was obtained with a Cary model 14 recording spectrophotometer using purified phenolo xidase after dialysis against 0.05 M phosphate buffer, pH 7.4.
RESULTS

Purification of phenoloxidase
Step 1. Preparation of crude extract. The larvae of housefly were homogenized with a twofold weight of 0.01 M phosphate buffer containing 0.9 % sodium chloride, pH 7.0, at 4°C. The homogentae was centrifuged at 9,000 rpm for 30 min at 4°C. The super natant solution (crude extract) under fat lay er was carefully removed.
Step 2. Preparation of crude phenoloxidase. The crude extract was saturated with solid ammonium sulfate. The resulting precipi tate was collected by centrifugation and ex tensively dialyzed against deionized water. The resulting precipitate was collected by centrifugation and dialyzed against 0.02 M NH4OH-NH4C1 buffer, pH 9.5. The super natant was further dialyzed against 0.05 M phosphate buffer, pH 7.5 and centrifuged to obtain a clear solution (crude phenoloxidase).
Step 3. Hydroxylapatite column chroma tography. Crude phenoloxidase was applied to a hydroxylapatite column. The elution pattern is shown in Fig. 1 Crude phenoloxidase was applied to a hydroxylapa tite column (2 x 11 cm) equilibrated with 0 .05 M pho sphate buffer, pH 7.5. Elution was carried out by changing phosphate buffer concentration as shown in the figure at a flow rate of 10 ml per hour . Twenty microliters were removed from each test tube and employed for the enzyme assay. S-0, OD280; 0--0 , OD47o y activity was observed in Fractions P-l, P-2, P-3 and P-4.
The highest specific activity was found in Fraction P-1 which was not adsorbed to the column equilibrated with 0.05 M phosphate buffer, pH 7.5.
Step 4. Sephadex G-200 gel filtration. precipitation and applied to a Sephadex G-200 column. The filtration pattern is shown in Fig. 2 . Phenoloxidase activity was found in Fraction P-1-1, which was eluted imme diately after the void volume. Fraction P-1-1 was subjected to the second Sephadex G-200 column to remove minor impurities in the void volume region. The filtration pattern is shown in Fig. 3 . Fraction p-1-1', purified phenoloxidase, from the second Sephadex G-200 column was concentrated and stored at 4°C after saturation with ammonium sul fate. Purification steps are summarized in Table I . dase was homogeneous on polyacrylamide gel disc electrophoresis (Fig. 4) . As shown in Fig. 5 , purified phenoloxidase was sedimented as a symmetrical single peak, of which the sedimentation coefficient, s,o,a" was calculated to be 13.5S. Molecular weight determination. The mol ecular weights which were calculated at the meniscus and bottom of the cell were extrapo lated to the zero time of centrifugation. The molecular weight of purified phenoloxidase was assumed to be 3.4x 10 5. In polyacryl amide gel disc electrophoresis, the values of 100-log 100 • Rm were plotted against gel concentrations (Fig. 6) . The negative slope obtained was 14, and it corresponded to the molecular weight of 3.1 x 105 in the figure obtained by Hedric phorin which was present in the larvae of blowfly. 16) On the other hand, phenoloxidase was pu rified in an inactive form, prephenoloxidase, from the haemolymph of the larvae of blowfly by Munn et al," The prephenoloxidase was free of callipholin, and its sedimentation coe fficient was 9.4S. The prephenoloxidase was activated by the natural activator which was obtained from the cuticles of the larvae of blowfly. The resulting phenoloxidase yielded a wide range of sedimenting species in which 18S, 16S and 12S species were predominantly observed. These values were comparable to that of phenoloxidase purified from the larvae of housefly. In our purification procedure, the main trouble was the poor recovery of the enzyme in Step 2. The precipitate after extensive dialysis against deionized water gave a high specific activity, but the yield of the enzyme was very much reduced. A majority of the enzyme was involved in the dark-colored su pernatant. This colored material disturbed further purification of the enzyme from the supernatant. To prevent coloring, any comp ound such as tyrosine which serves as a sub strate for coloring should be removed from the crude extract, or a reducing agent such as ascorbic acid might be added to the solvents used for the purification. In fact, crude phenoloxidase solution obtained in the pres ence of 0.01 M ascorbic acid did not blacken, showed yellowish color, and gave a major band in the area of phenoloxidase in polyac rylamide gel disc electrophoresis, which seemed to promise development of another method with a high rate of recovery starting with the yellowish extract.
